The objective of this study was to evaluate the relationship between morphoagronomic characters and coffee productivity and their direct and indirect effects under the influence of different types of green fertilizers. The experiment was carried out in the field followed by the sampling method in a pre-established coffee plantation, installed in soil with a slope of 11% in the Southern Region of the State of Espírito Santo. The intercropping of coffee with green fertilizers studied were pigeon pea, Jaeggi et al.; JEAI, 40(2): 1-11, 2019; Article no.JEAI.50601 2 jack bean, velvet bean, and wild Mexican sunflower, as well as a control treatment without green fertilizers. The experimental unit consisted of a coffee plant, clonal variety "Incaper 8142" Conilon Vitoria, with a spacing of 2.30 x 2.60 meters, with a crop age of seven years, using the border of at least one coffee plant between experimental units. Eight morphoagronomic characteristics were measured, having as main dependent variable the productivity (in kg per plant) obtained in the harvest of 2015, and as primary explanatory characteristics: plant height, orthotropic branch diameter, plagiotropic branch diameter, number of leaves, number of nodes, number of orthotropic branches, number of plagiotropic branches and number of productive nodes. To increase productivity, coffee plants with the highest number of orthotropic branches and number of plagiotropic branches should be selected. The characteristics of greater direct contribution were a number of nodes and the number of productive nodes.
INTRODUCTION
Brazil's coffee crop in 2017 is expected to reach 43.38 million bags of coffee, of which 84.40% are arabica, and 15.60% are conilon. The two species of coffee are grown in 18 states of the Union, involving 2000 municipalities, 370 thousand properties, occupying 8 million workers, in the cultivation of 6.73 billion plants, in 2.35 million hectares, which characterizes the size economic and social development of coffee [1] .
In the case of conilon, the technologies developed by researchers, and adopted by the producers, have changed the technological bases of the production system, turning the coffee plantations of capixabas into one of the most competitive in the world [2] . However, to meet the demands of the productive chain, coffee cultivation must always be evolving.
Productivity is the main characteristic used in the selection of new varieties and/or lineages of coffee trees [3] . It is important to highlight that in research involving perennial plants such as coffee, the time required for the unambiguous confirmation of the results is great, demanding improvement programs, large volumes of physical, financial and human resources, and it is advantageous to practice the selection of superior genotypes indirectly and/or anticipated [4] .
Knowing the association between characters is also of great importance in the works, especially when it comes to characters with low phenotypic potential [5] .
In this type of work is important to identify, among the characteristics of high correlation with the basic variable, those with greater direct effect in a favourable sense to the selection, such that the correlated response through indirect selection is efficient [6] . Despite the usefulness of the correlations in the understanding of a complex character as the production, it only informs on the association between characters [7] , not determining the importance of the direct and indirect effects of the characters that compose it. However, the primary characters may have low heritability, resulting in the need to know the influence of the secondary components on the primary components and on grain yield [8] .
It is also known that the correlations are measures of linear associations between characters, being between the values -1 and +1. However, genetic correlation coefficients greater than the absolute value 1 can occur as a consequence of problems related to the distribution of variables, or even to the model used in the estimation of variances and covariates, which determine the correlation [5] . To improve the understanding of the association between characters, [9] proposed a methodology that allows, through the standardization of variables and regression equations, to deploy genotype correlations in direct and indirect effects of the explanatory variables on the main characteristic, providing a measure of the influence of each cause and its effect. This methodology is called path analysis or track analysis.
In a given experimental condition, the decomposition of the correlations depends on the set of characters studied, which are usually evaluated based on previous knowledge of their importance and possible interrelations expressed in path diagrams. However, for the evaluation to have a reliable estimate and generate a biologically appropriate interpretation, it is fundamental to evaluate the degree of colinearity in the correlation matrix of all the characteristics to be selected [5] .
When a large number of characteristics are considered in the selection process, there is the possibility that some of the analyzed independent variables present a certain degree of interrelationship, characterizing the existence of multicollinearity, its harmful effects being caused not simply by its presence, but by the degree with that it manifests itself [8] . Among the effects of high multicollinearity, we can mention the unstable estimates of the regression coefficient and an overestimation of the direct effects of the explanatory variables on the main one, which can lead to the wrong results [10] .
Considering the information above, the present work was proposed to evaluate the relationship between morphoagronomic characters and coffee productivity and the direct and indirect effects of different types of green fertilizers.
MATERIALS AND METHODS
The experiment was carried out in Alegre, Espírito Santo State, at 20º45'44" South, longitude 41º27'43" West and altitude of approximately 134 MSL (Fig. 1) . According to Köppen classification, the climate of the region is "Aw" type, with dry winter and rainy summer with an average annual temperature of 23°C and annual precipitation around 1,200 mm. The rainy season in the region is concentrated from November to March [11] .
Fig. 1. Location of the study area
The experiment was carried out in the field followed by the method of sampling in a preestablished coffee plantation, installed in soil with a slope of 11%, in the South Region of the State of Espírito Santo. The green fertilizer species, intercropped with the coffee tree were pigeon pea, jack bean, velvet bean, and wild Mexican sunflower plus a control treatment without green fertilizers. The experimental unit consisted of a coffee plant, clonal variety "Incaper 8142" Conilon Vitoria, clone 12V (precocious) with a spacing of 2.30 x 2.60 meters, at the age of seven years, using a hair border least one coffee plant between the experimental units. Five replicates were used for each treatment.
The legumes were sown 50 cm from the stem diameter of the coffee trees in furrows spaced 50 cm apart, totalling two rows of 10 m in length. Seed density and cultural practices followed the technical recommendations for each legume [12] .
Weed management was performed with semimechanized manual trimmer when necessary. The cutting of the green fertilizer was carried out in the phase before full flowering. The species under study were grazed with the aid of the portable brush cutters and remained on the soil surface. The pruning of the legumes, or thinning, depending on the cycle the leguminous plants were in, were carried out with the intention of not letting the species compete, due to the luminosity-water-nutrients, with the coffee tree. Only the pigeon pea and the wild Mexican sunflower were pruned maintaining the size of 0,60 cm of height of the soil, whereas the other species used as green fertilizers velvet bean and jack bean after the cycle were chopped and planted again, with new seeds.
The morphoagronomic characteristics evaluated in the coffee plants were: The measurements were performed with a digital caliper and manual scale, being used in the evaluations throughout the experiment.
With the help of the GENES computational application [13] , the correlation matrix between the morphoagronomic characteristics evaluated was constructed. Given the presence of collinearity between characteristics (high degree of interrelation), a multicollinearity analysis was performed, with correlation matrix eigenvalues analysis, to identify the nature of the linear dependence between the characters and to detect which ones contributed to the emergence of multicollinearity. When necessary, some of the characteristics were discarded, choosing among those considered redundant, by maintaining the one that offered the greatest contribution to explaining productivity.
In the sequence, a path analysis was performed, having as main dependent variable, the productivity obtained in the harvest of 2015 (kg), as primary explanatory the characteristics were: plant height (H), orthotropic branch diameter (OBD), diameter of (NPP), number of nodes (NN), number of orthotropic branches (NOB), number of plagiotropic branches (NPB), number of productive nodes (NPN). The unfolding of the correlations between the primary and secondary explanatory characteristics, in direct and indirect effects on the productivity character, were used to explain the results obtained.
RESULTS
In the evaluation of the determination coefficients (R2) positive effects were observed for the tested fertilizers, being 0.99 for jack bean, 0.41 for pigeon pea, 0.96 for velvet bean, 0.96 for wild Mexican sunflower and 0.99 for conventional mineral fertilization, showing that almost all of the basic variable (production) is explained by the primary components, except when the coffee tree was fertilized with pigeon pea (Table 1) .
DISCUSSION
These results (Table 1) corroborate with those of Dalcolmo [14] , who obtained a coefficient of determination equal to 1.00 by means of trail analysis in conilon coffee genotypes. The coefficients of determinations R², considered high, showed that the variations occurred in the basic variable were explained by the variables measured.
In the coffee plants fertilized with wild Mexican sunflower, a direct effect with a negative magnitude of height over productivity was observed. In addition, there were indirect effects with high magnitude by height, on productivity, plagiotropic branch diameter (PBD), number of leaves (NL), number of orthotropic branches (NOB) and number of plagiotropic branches (NPB), indicating that these important characters for coffee production, and should be considered in the case of indirect selection of characters. For the coffee plants fertilized with jack bean, there was an indirect effect with high negative magnitude, of PRD via H and indirect effect with a high positive magnitude of the number of nodes (NN) via height overproduction. However, in plants fertilized with conventional mineral fertilization, the NN influenced indirectly with negative magnitude, via coffee height, on productivity (kg).
According to Nogueira et al. [15] , in the interpretation of correlations, three aspects should be considered: magnitude, direction and significance. Estimation of the positive correlation coefficient indicates the tendency of one variable to increase when the other also increases, and negative correlations indicate a tendency for one variable to increase while the other one decreases.
The coffee plants fertilized with velvet bean had a direct effect of very high negative magnitude of OBD on productivity. However, there was an indirect effect with a high positive magnitude of NL via OBD on productivity (Table 1) . However, for coffee plants fertilized with wild Mexican sunflower, there was a direct effect of the high positive magnitude of OBD and positive indirect effect of height (H) of the orthotropic branch and negative via NOB and highly negative of NPB. For coffee plants fertilized with jack bean, a negative indirect effect of PBD and high positive magnitude of NN was obtained (Table 1) .
According to Dalcolmo [14] , the greatest associations with coffee productivity occurred via indirect effects of OBD, which indicates that the direct intensified selection pressure on this characteristic may not provide satisfactory gains in productivity, since the high values were consequences, mainly of these indirect effects.
The coffee plants fertilized with jack bean had a positive direct PBD effect on productivity. Also, there was a negative indirect effect of NN via PBD. For coffee plants fertilized with wild Mexican sunflower, a highly negative direct effect of PBD and highly positive indirect ELT via PBD was obtained (Table 1) . For coffee plants fertilized with velvet bean, a highly negative indirect effect of NL via PBD and positive NPB via PBD was obtained.
Chaves Filho [16] observed the opposite effect of the fertilization with jack bean in the fertilizations in coffee trees in which the effects were negative to increase the diameter of the plagiotropic branch. According to the same authors, this factor is related to the low nitrogen supply provided by the green fertilizer, which was below the nutritional demand of the coffee tree.
The coffee plants fertilized with velvet bean had highly negative direct effects of NL on PROD and indirect positive effect of OBD and highly positive NPB via NL (Table 1 ). In the plants fertilized with wild Mexican sunflower, we observed a highly negative direct effect of NL on PROD and highly positive indirect of H via NL and negative of NOB and highly negative of NPB (Table 1) . For the coffee plants fertilized with jack bean, a positive indirect effect of NN via NL on PROD was obtained. However, the plants fertilized with conventional fertilization obtained the negative indirect effect of NN via NL on PROD.
Certainly, the direct negative effects are associated with the nutritional effects of coffee plants, due to the competition for water and light in the period of vegetative growth of the green fertilizers, causing competition. 
Plant height (H), orthotropic branch diameter (OBD), plagiotropic branch diameter (PBD), number of leaves (NL), number of nodes (NN), number of orthotropic branches (NOB), number of plagiotropic branches (NPB), number of productive nodes (NPN)
According to Cruz and Carneiro [17] , characters that present a direct effect contrary to the correlation with the main variable indicate the absence of cause and effect, suggesting that the auxiliary character is not the main determinant of the changes in the basic variable, and others may provide greater selection gain.
However, the effect of green fertilizer may modify the microclimate in which the coffee tree is present and, depending on the intensity and duration of the consortium, causes physiological, anatomical and reproductive changes in the coffee plants and may adversely affect the production. The productivity of a crop, in addition to its genetic expression and other conditions such as nutritional status, water supply, sanitation, weed control, and soil characteristics, is also a result of the efficient use of photosynthetic radiation [14, 15, 13] .
The coffee plants fertilized with jack bean had a highly negative direct effect via NN on PROD. Also, a highly positive indirect effect was observed via NN on PROD (Table 1) . In plants fertilized with conventional fertilization, a highly positive direct effect of NN on PROD was observed (Table 1 ). In the plants fertilized with velvet bean, there was a positive indirect effect of OBD and NPB via NN over PROD and negative of NL via NN (Table 1) . For the coffee plants fertilized with wild Mexican sunflower, the positive indirect effect of H via NN and negative of NPB via NN over PROD was obtained (Table 1) .
Certainly the negative direct effect with the number of nodes (NN), observed in the plants fertilized with jack bean, is associated to the period of consortium and management times, and the jack bean is usually used as the rotation of culture.
Cruz and Carneiro [17] observed that the jack beans' significantly reduced the crown diameter, number of leaves, and number of nodes of the coffee trees according to the consortium time.
Both results are similar to those obtained in this work for the variable number of nodes (NN) demonstrating competition of this crop in a consortium with the coffee tree, being these vegetative characteristics sensitive to competition.
The coffee plants, fertilized with jack bean, had a direct effect of NOB on PROD (Table 1) . For the plants fertilized with wild Mexican sunflower, a highly positive direct effect of NOB on the PROD (Table 1 ) was observed. There was a highly negative indirect effect of H, OBD, and NL positive and highly positive NPB via NOB on the PROD (Table 1) .
Species with a tall bearing, such as wild Mexican sunflower, can shade the coffee tree and, consequently, resulting in height increase, which would not be expected in work with low legumes. However, Ferrão et al. [18] , working with pigeon pea, reported that treatments influenced negatively not only the height but also the stem diameter of Coffea arabica.
In coffee plants fertilized with velvet bean, there was a direct positive effect of NPB on the PROD. However, there was a highly negative indirect effect of NL via NPB on the PROD. In the plants fertilized with wild Mexican sunflower showed a highly negative direct effect of NPB and a positive indirect effect via H and NPN and negative of NL via NPB on PROD (Table 1) . The coffee plants fertilized with jack bean presented positive indirect effect via PBD and highly negative via NN (Table 1 ).
According to Chaves Filho et al. [19] , the positive effects are related to the nutritional demand of the coffee plants, where the macro and micronutrient values are in equilibrium in the plant reducing the mortality rate of the plagiotropic branches, called potato drought.
In the coffee plants fertilized with velvet bean presented the positive direct effect of NPN and indirect effect highly negative via NN on the PROD (Table 1 ). In the plants fertilized with wild Mexican sunflower, there was a highly negative direct effect of NPN on PROD and highly negative indirect effect of H via NPN on PROD and indirect positive effect of NL and highly positive NPB (Table 1) . The plants fertilized with conventional fertilizer showed a highly positive indirect effect of NN on the PROD.
Ferrão et al. [18] also found a negative correlation between the accumulation of dry legume matter and coffee yield. According to the same authors, pigeon pea was the one that accumulated more dry matter. However, the productivities in their treatments were smaller, with a reduction of up to 67%, when compared to the control.
CONCLUSION
The path analysis was efficient in identifying the characteristics that exerted the greatest influence on the productivity of Coffea canephora in consortium with green fertilizers.
The characteristics that exerted the greatest influence on the productivity of Coffea canephora intercropped with green fertilizers were the number of orthotropic branches (NOB) and several plagiotropic branches (NPB).
The characteristics of greater direct contribution were a number of nodes (NN) and the number of productive nodes (NPN). The green fertilizer wild Mexican sunflower was the one that provided a highly negative direct effect on the main variables related to the production, due to its greater competition.
